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This project involves (i) synthesis of low-band-gap crystalline
conjugated polymers for blending with fullerenes as the active layer for
bulk heterojunction (BHJ) solar cells and (ii) analyses of the active layer
morphology using synchrotron radiation x-ray scattering technique for
optimizing the active layer morphology. We had used three units,
BO,DPP and BDT, to synthesized a serious terpolymers by different
ratios. Using three different units (two acceptors and a donor), we could
extend the region of light absorption for terpolymers. By tuning the ratio
of polymerization, we found the best ratio for BO-DPP-BDT is 1: 1: 2
which could be reached 6.8%.

In the same time, we had synthesized three different BDT-BO
copolymers by different side chains on BDT unit. We investigated the
side chain effect on polymer physics and chemistry which would
resulting different device performance. Finally, the best polymer is what
using thienyl as side chain on BDT unit which could have the best
efficiency (7.4%).

We also investigated the morphology of active layers prepared by
different processing solvent for PBTCI2TPD/PC71BM system. We
found that the crystallinity of the polymer and the sizes along with the
distributions of the fullerene clusters were critically dependent on the
solubility of the polymer in the processing solvent when the solubility of

fullerenes is much higher than that of the polymer in the solvent.

Keywords: low-band-gap conjugated polymers, crystalline
conjugated polymers, solar cells, synchrotron radiation x-ray scattering

technique
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4k B 7> BDT-BO ¥ 7upr &Rk » k& Koy R B % BDT-DPP ¥ At
BRK > BEREASHAHBERLS > TG A A - it
ShiE Z A8 & o F e BB 330 B T 2B ST R R & (400-700 nm) - 35
ATRMOCHEN=AERZ S TFEAEMES R TR -
WRiFEER— > AR LE > KRIVEIEZ BO &y LLB]38 v » F
BEBRLE R MmERGER LA AP K42 BTRLZRA
P2 R FH LR B BRI RS R AT B 6
# EQE(SIE T HMM BB X P TiF4 P2 AT RAALES T
EQE %7 50% > F1# P2 &9 B 1 S he /1 dtd - 243 P2 ALA e f
AR E o e B CNAR B Ao B > FUH e F T2 2] 6.8% 0 L
EEARSE 1TmAm® BEEEHHFRIFZ  RUKMPTR =

7T 5 F B T P R A 38 B X 8 K AE Tt



1.0 —O—PBDTTBO

0.8 1
0.6 1

044 &

Normalized absorption (a.u)

0.2 1

0.0

J dJ
A RQ7%
%

—o— BDT-BO-DPP(3:7)
), —o— BDT-BO-DPP(5:5)
R &\ —— BDT-BO-DPP(7:3)

v ) v )
300 400 500

S

R TRAADEERBRK S FAMKESHK

—T
600

—
700

T L T L T T =
800 900 1000 1100

Wavelength (nm)

D RS AR H S T2 UV-vis RILE 3% -

Jsc Mobility
Polymer/PC71BM  Voc FF PCE Thickness S
(mA cm™V
(W/w; 1:2) (V) ,. () (%) (nm) |
cm’™”) s
P1 0.70 125 62 55 85 23 %107
P2 0.72 147 56 6.0 88 33 %107
P2(1.0% CN) 0.73 17 55 6.8 91 5.1x10°
P3 0.75 12 59 53 93 3.0 x 107
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R ZHREAMES S TS T2 RAETHAEHE
Solubility
Polymer M M PDI* T, mg/ml
(DCB)
PBDTTBO 62.5k 268.8k 4.3 334 4.7 mg
PBDTPBO 64.8k 285.1k 4.4 334 3.5 mg
PBDTFBO 60.6k 284.8k 4.7 334 2.1 mg
6x10" Film
—o— PBDTTBO
PBDTPBO

Absorption coefficient (cm'l)

5x104'.
4x104'.
3x10*-
2x104-.

1x10*

—=— PBDTFBO

M I
300 400

I I M I
500 600 700

Wavelength (nm)
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&7 45 3R, furyl % Kbl 4 3K #5548 69 HOMO #uis ey iRt %
BHWMAT AT PBDTFBO 4R A#i £ > T AR A furyl 42
Rk EE HOMO ey$Miec s > pH TEFRBHE > B
PBDTFBO £ A # &% HOMO #e [ 47T fE & B 4 furyl 41 7 8 % 0% %,
M6+ 7T HOMO 894 & - Mt & 4 F49-F @M m s > PBDTFBO &)
Fatid EREaoFRHEE  BOGFTR > MAZFTEA
B r-rER N 0 BLLAET A1T PBDTFBO #9751 & £ -
Z% PBDTPO #t K a v m# LI K » B £ R 2 B F Larsismugtt
BEA PR BREARANSERULERAERENALT LA
ZE  EERBAEBRLER > DRERE —ERSERE > T
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PBDTFBO

W9 @ =M ASs THE RS

ARG SRR L L RRE E A8 F 6% PBDTTBO &
AERBEAAMZEBAEIE L HENEEREMN - e AFM 89547
T RPIBRAEZ T THAERGESHRBRA LMY RE > HF
AR R WA B RAR 0 B R LR AR B A9 ISR AT
B BRERTTRABROZERECRELLR G E > A

AR B B R348 0 T LA R el R BT o

R=Z I ZHRRERES S T TR E SR

Mobility )
Polymer/PC71BM Ve Jse n FF Y Thickness
cm™V o s
(1:2) (V) (mAcm?) (%) (%) ( ) (nm)
PBDTTBO" 0.86 12.8 74 67 37x107 97
PBDTPBO® 0.85 11.8 6.4 64 1.8x107 117
PBDTFBO" 0.81 11.2 54 60 9.1x10° 113
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8.5 nm

Rms = 1.21 nm ; :,_ ¥ 3 DL 24 Rms = 1.84nm £ !

0 nm

19 nm

0 nm

B 10: AFM & & # 4% 4% #7 B (a)PBDTTBO (b)PBDTPBO (c) PBDTFBO

=~ PBTC,,TPD RERZ EHRHB R

PBTC,TPD A AT MESRZ BB E R, T » RET R KMT
DR 7 T ERF AR RET LA RGERRRF - b2
ETRARBNSSTHNRRABRENZE(ARE) -

#v9: PBTCLTPD 2 i #8553k 6 7t % 3

PBTC12TPD/PCsiBM PBTC1:TPD/ThCs1BM
Solvent | Vo Jse FF PCE®  |Voe Jse FF PCE?

V) (mA/em®) (%) (%) (V) (mA/em®) (%) (%)
CF 0.9 9.9 57 5.1 0.91 113 60 6.2
CB 087 9 47 4.5 0.91 9.6 57 5
DCB 0.86 8.7 55 4.1 0.87 9.2 52 4.2
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%% : PBTC,,TPD #1853k 975 FR L

solvent PBTC,TPD (mg mL'l) ThC4,BM (mg mL'l)
CF 4.5 26.3
CB 2.0 34.7
DCB 0.5 14.1

BTRAEZEERHEGR M ROBE - RIS EH 648 M
Mo BZMARAE T A LRE TEM #7094 - TEH 11 A
PBTC,,TPD/fullrene 3§ Bty 4% 4 44t B3t > T AR F RO B RRA &
CF A # #2758 85 > PBTC,TPD B A & 4F &y 3 B (T 2](300) 84 3R
$ei) o @it E > T340 CF ABEB S, FHLELERS -
BAEBBTERNEREER  BAANEREER &R0 T
BERFERT B TRHME > BEBEEEFRAR 4
AT ARG ETHIEBNRES -

#BERMAA TEM # o0 T HBETERBRE > £ TEM 77
FRGBERE > £ADCB #IEy B YRR EZARELTRE > CB Al
BAFE > Ml CF QAR AN O o0 RALETAEDAK
SYBRER o Rk - &BFE mIRAEDCBYBEATFHZEEKXR
JNBy 245nm 0 B KA CF P2 12nm » B K R ETRB T E im0 sk
REXTHRREREZFEA -
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5000 5000
(100) — . — PBIC TPD/PC BM (CF (100) —+—PBTC, TPD/ThC, BM (CF)
4000 nTPD/PCBM(CP) s B — -~ PBTC,TPI/ThC, BM (CB)
3000 ~+~ PBIC, TPDIPC BM (CB) 3000 PBTC, TPD/ThC, BM (DCB)
PBTC, TPD/PC, BM (DCB)
~ 2000 ~ 2000
g s N
1 (200) i i
\ - .
1000 (- 2 1000 \
\ CF CB DCB
\ /A
\\_ ) - PC, BM
02 04 06 08 1 17 02 04 06 08 1 17
q, (&%) q, (&%)

B 11:PBTC,,TPD/fullrene % i &4 37 A 4 41 [ 3¢

—fx &) TEM o #f s Z 4@ B9 BT 1 o REJ 1 @64 > @ B
% ERR(45 ~ 1TO %)8y2M38i85% » MiEIF E 82 e S b ik B p > &
EAERE T B X8R F et A o
ko #1508 5 — 48 TEM &9 547 25 R sp R iEE P48 - EEL > §
TRREBAEL FAREFFRRRAMETELERFOREIAF
RO EARREBRYEFRETREEE S tka T o9 E oA o91F
T o #49%4% DCB 2 CF mAERZF At > £B 12898 A F > T
BHERECFHEE ZrF(RER)ZIIHARRELITO & > @
IR ER)NRELLTHERG TG LRI FEHRAFNE G
EFRERAEE - A DCB #i2aX B ¥ RIAVBRBKB AR
—EHMAEEES s FLRL Y MR T RTEBEFHHNE
ol T EIR
BHLERTI > BHROFEHE—B TR £8 13 ¥ > CF #2223
B IR E B4 42 E4RE] ITO 23— 4 E ek > R DCB &
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RANERATHEREARSZIEE - £ > DCB & #| K18 & :1T
B FRABES  EaEnkRE  LEZRAETLHAENHES
oA o8 DCB & —f&an FHEROERER  AALALTHE
H?THORABRR BN B, THERE > RTRRENZH T4
£ DCB Py MERD mELALS s FRAEETRHS FRA
ER - AHABEER S n FRRKALEER T LAEMR
oo EMmERZ s TEBEREMB T ZR R4 > 5] T TR
P

% 75: PBTCI2TPD/fullrene 89 & ¥ & F o9& & RN E L E

PBTC12TPD/PCs1BM PBTC12TPD/ThCsiBM
Solvent ¥ (%) L (nm) ¥ (%) L (nm)
(edge-on lamellae) (edge-on lamellae) (edge-on lamellae) (edge-on lamellae)
(100) out-of-plane (100) out-of-plane (100) out-of-plane  (100) out-of-plane
CF 46 34 45 36
CB 33 24 30 25
DCB 20 26 21 25
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B 12:PBTC,,TPD/fullrene £ TEM T &4 & BEH 4%

Rt BPAGHBERIZ  SOREXHE G EE KR

PBTC12TPD/PCs1iBM PBTCi2TPD/ThCsiBM
Solvent CF CB DCB CF CB DCB
fiv
0.078 0.019 0.038 0.038 0.016 0.039
&
12 nm 29 nm 294nm 15 nm 38nm 293nm
D
2.81 2.69 2.85 2.79 2.71 2.72
a)
fi X 0.034 0.035 X 0.036 0.028
b)
&u X 6.0 nm 5.0nm X 8.0nm 6.0nm
c)
Dy X 2.85 2.80 X 2.76 2.75

a) fjand fj;: relative volume fraction of fractal system (PCs;BM and ThCy;BM molecules as primary
particle) I and II.

b) & and &jp: characteristic length of fractal system (PC¢BM and ThCsBM molecules as primary
particles) I and II.

D; and Dy;: fractal dimension of fractal system (PCs;BM and ThCsBM molecules as primary particles)
Tand IT
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